We are thrilled to announce the publication of the 50th Anniversary Special Issue of Biology of Reproduction. In this issue you will find historical reviews tracing the origin and progress of research into many key questions facing reproductive biologists today, written by experts in the field, many of whom witnessed and participated in the monumental yet unexpected discoveries that propelled our field forward and opened new directions. We are very grateful to all of our authors for their enthusiastic participation and for their comprehensive and informative reviews. Due to space restrictions, we could not cover as many areas of reproductive biology as we wanted, nor could we benefit from the knowledge and insights of some of our most eminent reproductive biologists. For this, we apologize to you and to them. Nonetheless, we hope that you will enjoy reading this special issue as much as we enjoyed assembling it! Here's a quick look at what you'll find.
The development and function of the reproductive system depends crucially on gonadotropic hormones. Hsueh and He describe phenotypes associated with specific variants of the genes encoding gonadotropic subunits and their receptors, and alert us to studies suggesting potential roles of these hormones outside the gonad. They conclude by discussing new tools to study the expression and dynamics of gonadotropin receptors and the development of antagonist and agonists for clinical use. Selvaraj et al. focus on the molecular pathway of steroid synthesis, with a particular emphasis on how this is regulated in response to gonadotropin signals. The authors note that this has been an area of intense study for almost six decades. Reflecting the key questions addressed by an important part of this work, they discuss the evidence in support of the two candidate regulators of acute steroid synthesis-steroid acute regulator protein (StAR) and translocator protein (TSPO); they then close by identifying key questions for future research.
Estrogen is considered to be a female hormone. Yet, as discussed by Hess and Cooke, males also need estrogen. They describe the research dating back almost a century that has hinted at such a role, and follow this with an explanation of its sites of synthesis in the male, its target cells, and its role via the estrogen receptor 1 in the differentiation of the male reproductive tract. Evans et al. contribute a clinical component to this issue-specifically, human in vitro fertilization (IVF), whose roots lie in animal-model research dating back more than half a century. Despite the impressive success of IVF, numerous areas of controversy and uncertainty remain. The authors focus on the role of prematurely elevated progesterone on IVF success, tracing the history of studies and trials and emphasizing the challenge of separating correlation and causation.
Although stem cells have been identified in a steadily increasing number of tissue types, the spermatogonial stem cell (SSC) remains among the most clearly demonstrated and amenable to experimental study. Kubota and Brinster provide us with a comprehensive history of SSC research, including the development of the transplantation assay that allowed SSC populations to be definitively identified and quantified and the ensuing evolution of the concept and characterization of the SSC niche and the SSCs themselves. They describe progress in cryopreservation of SSCs for human fertility preservation and species conservation, and discuss the progress and challenges in identifying and utilizing SSCs in other species. Extensive research from many groups has given us significant insights into the genetic control of the earliest stages of germ cell development, although many black boxes and unanswered questions remain. Hamer and de Rooij provide a comprehensive and annotated catalog of 61 genes implicated in different aspects of the differentiation of primordial germ cells and gonocytes/prospermatogonia, providing a wonderful and handy resource for ongoing and future studies.
The Sertoli cell plays a crucial role in the development of male germ cells (and vice versa), providing both a structural scaffold and appropriate environment. Griswold starts us off with their identification by Enrico Sertoli and then takes us through the enormous progress that has been made over the past 50 years in understanding Sertoli cell function, highlighting the important contributions by leaders in the field and their papers published in Biology of Reproduction (and elsewhere). Thanks to their work; we now have a better understanding of the structure and function of Sertoli cells as well as their continuing dialog with the developing germ cells. Leydig cells, the other principal somatic cell type in the testis, were first identified in 1850 and were proposed to produce androgens some 50 years later. Zirkin and Papadopoulos recount the rich history of Leydig cell research over the last century plus, highlighting the existence of fetal and adult populations, and showing how this work has led to our current understanding of Leydig cell function and of the key molecular players that control the conversion of cholesterol to androgen. They close by addressing clinical issues associated with low testosterone and evolving treatment strategies.
Meiosis is a defining event of gametogenesis. Bolcun-Filas and Handel focus their review on the precisely orchestrated and coordinated "dance of the chromosomes" that yields haploid chromosomal complements carrying new combinations of genetic alleles. They trace the elaboration of our understanding of how homologs pair through the synaptonemal complex and initiate recombination and call attention to what we know or still need to learn about phenomena such as crossover interference and the behavior of the sex chromosomes. They close by considering sexual dimorphism and age effects in meiosis-topics of enormous clinical importance. Fertilization depends on a range of events in each gamete and interactions between them, some of which have been especially well studied, e.g. the acrosome reaction. Hirohashi and Yanagimachi explain the anatomical events of the acrosome reaction across many species, discuss what we know about its function and molecular control, and conclude with a reminder of what, despite our best efforts, we still do not know. In vitro fertilization is routine today, but this is only as a result of decades of research by laboratories around the world. Okabe describes many of the major advances of the last half century, as well as the challenges that researchers faced in trying to achieve this goal. Among these advances has been understanding capacitation and acrosomal reaction of the sperm, whereas other studies have focused on how the sperm penetrates the zona pellucida and the identity of the proteins on the sperm and egg surface that mediate fusion. These advances set the stage for potential future approaches using techniques such as CRISPR/Cas to correct single-gene defects within the germ cell or fertilized egg.
Introducing the themes of epigenetics and inter/transgenerational inheritance, Godia et al. recapitulate the history of research showing that the fertilizing sperm carries not just a packet of protaminepackaged DNA but also a rich and diverse population of RNAs. They comprehensively discuss the types of RNAs that are present, as well as reports that these paternal RNAs influence the phenotype of the offspring. And for those interested in exploring further this remarkable means of transmitting information from father to child, they also offer a technical guide.
Understanding how the highly differentiated female germ cell becomes reprogrammed after fertilization to become an embryo whose cells are totipotent, at least for the first few cell division cycles, is a fascinating yet only partly understood biological phenomenon. Schultz et al. focus on transcriptional and post-transcriptional processes controlling this oocyte-to-embryo transition. They review changes in gene expression during oocyte growth, dissect the epigenetic changes in chromatin that underpin the reprogramming of gene expression after fertilization, and broaden their focus to include mechanisms controlling the translation and stability of mRNAs, and highlight the emerging roles of short and long noncoding RNAs.
Yoshinaga provides a comprehensive and thorough history of research into implantation. This review focuses on primates, ungulates, and laboratory rodents, and the author draws our attention to the many laboratories that have studied implantation and emphasizes the contributions that they have made. The relative roles of in vivo, in vitro, and genetic studies are laid out, and the "immunological enigma" of the relation between the fetus and mother is discussed. Soares et al. focus on the placenta, which they point out provides an optimal and "controlled environment for fetal development," even though it is left behind at birth and frequently forgotten. They discuss the particular challenges in studying placental biology owing to considerable evolutionary divergence. They guide us through the development and differentiation of the placenta, and then discuss tools and strategies used to dissect placental function and associated pathologies, all the while emphasizing comparative aspects.
Roberts et al. place the focus on trophoblast, the embryonic lineage whose members interact directly with maternal tissue. They begin with an account of trophoblast specification and determination in the mouse and human, including a synthesis of recent studies that have delineated key molecular actors and pathways. They then turn to describe studies using bone morphogenetic protein 4 to induce trophoblast from human embryonic stem cells, and discuss the different interpretations that this work has engendered.
The mechanisms by which pregnancy is established and maintained have been challenging to unravel, not least because it is-to say the least-difficult to model in vitro. Bazer et al. describe the fruitful outcome of collaborative efforts at Texas A & M. Notably, they highlight progress in understanding how interferon-τ participates in pregnancy recognition; the role of arginine in the development of the conceptus and the benefits of dietary supplementation; the link between sugars, folate metabolism, and activity of intracellular signaling pathways; and the participation of the cell-adhesion molecule, secreted phosphoprotein 1, in mediating attachment and implantation of the embryo.
Fenelon and Renfree take us on a historical tour of the research into embryonic diapause, first recorded in the mid-19th century but likely known long before to hunters. The authors follow the discovery of diapause in different mammals-it seems to be particularly common among marsupials. They then trace the steady progress of research, as the precise stage of embryonic arrest was identified and the mechanisms both of arrest and developmental reactivation were deciphered. Still, much remains to be learned.
Finally, epigenetics has exploded on the scene of biological research and especially so in reproductive biology as it may serve as a mechanism for inter-or transgenerational inheritance of environmentally acquired phenotypes. The origin of the "epigenetic earthquake" may be traced to the discovery of genomic imprinting and the central role played by DNA methylation in this process. SanMiguel and Bartolomei close our special issue by providing us with a historical overview of the development of the field, identify the main players in DNA methylation, and describe the dynamics and control of DNA methylation during embryonic and germ cell development.
Happy reading!
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